Introduction
In social vertebrates individuals often need to spend a significant proportion of their time and/or energy maintaining social bonds. This may cause conflict with the desirability of optimizing food intake (DUNBAR & DUNBAR, 1988) , especially for species in which food is gathered incrementally, and food intake is time limited. The female sperm whale (Physeter macrocephalus), whose fitness is likely to be closely tied to both socialization and the proportion of time spent foraging, might be expected to be an exemplar of a species with such a dilemma. Female sperm whales, together with their offspring, are invariably found in groups with 10-30 members (BEST, 1979; WHITEHEAD & WATERS, 1990) . These groups seem to be reasonably stable in composition over periods of years (OHSUMI, 1971; WHITEHEAD & WATERS, 1990) , and there is some evidence that members may be genetically related (ARNBOM & WHtTEHEaD, 1989) . Within groups there appears to be communal caring for calves (GORDON, 1987) , and female sperm whales are 1) Our research has been principally funded by the Natural Sciences and Engineering Research Council of Canada, the International Whaling Commission, M. CLARK, the Green Island Foundation and the Dalhousie University Research Development Fund. World Wildlife Fund and D. DAY kindly loaned equipment. We are very grateful to all those who took part in the research at sea but especially to T. ARNBOM, A. BROOKS, L. FAWCETT, C. HENDRICKSON, B. LAMBERT, K. LYNCH, V. PAPASTAVROU, S. SMITH, C. SMYTHE, J. STANIFORTH, S. STANIFORTH, and S. WATERS. We thank the Charles Darwin Research Station, and especially G. RECK, S. HARCOURT and H. KASTELEIJN, and the Galápagos National Park Service for support and assistance. J. BLACK helped us greatly in Quito and G. MERLEN and G. DAVIS came to our rescue several times. R. G. BOUTILIER advised on diving physiology and A. FAUCHER, N. R. LILEY, K. S. NORRIS, K. RICHARD, P. TYACK and an anonymous reviewer gave useful reviews of manuscripts. known to display considerable altruism towards injured group members (CALDWELL et al., 1966) . BEST (1979) proposed two possible principal functions for the sociality of female sperm whales: protection of calves from predators and increasing feeding efficiency by communal foraging. Recent evidence suggests that the first of these, calf protection, is likely to be more important (GORDON, 1987; ARNBOM & WHITEHEAD, 1989; WHITEHEAD, 1989) . Sperm whales seem to be able to successfully defend themselves and their calves against their major natural predator, the killer whale, Orcinus orca, by forming cohesive cooperative groups (ARNBOM et al., 1987) . In most ocean areas, female sperm whales feed largely on mesopelagic and bathypelagic squid (KAWAKAMI, 1980) . These squid average about 1 kg in mass and are generally not found in large aggregations (WHITEHEAD, 1989) . BEST (1979) calculates that a female must consume approximately 300 squid per day. As sperm whales are able to defend themselves effectively against all natural predation, in the absense of significant human hunting it is likely that their populations are generally food-limited. Therefore, with individuals trying to maximize their catch of relatively small, widely dispersed prey, the time that can be devoted to foraging may be an important component of fitness.
Off the Galapagos
Islands we have found that female and immature sperm whales spend much of their time diving, apparently searching for food. While foraging, they normally dive to about 400 m below the surface for about 40 min (PAPASTAVROU et al., 1989) . Dives are separated by approximately 10 min spent breathing at the surface (PAPASTAVROU et al., 1989) , when the whales are seen in clusters of 1-3 individuals (WHITEHEAD, 1989) . At the end of each surface period a sperm whale raises its flukes into the air to commence a dive. While foraging, members of a group often align themselves parallel to one another in a rank approximately 550 m long arranged perpendicular to the direction of travel (WHITEHEAD, 1989) . This rank sweeps through the ocean at about 2 knots (3.7 km/hr) (WHITEHEAD, 1989).
However, female and immature sperm whales do not spend all their time in this foraging routine. From time to time members of the group can be seen together at the surface in a few large clusters for periods of an hour or more (WHITEHEAD, 1987) . Particularly during these longer surface periods, a variety of activities may be seen from above the water surface. These include dramatic displays such as leaps from the water as well as more prosaic consequences of activities principally taking place beneath the surface.
